P]-ATP binding the charcoal (e) were measured by scintillator counter. The controls solutions were carried out with His 6 -AcsD inactivated 10 min at 373 K ( ). (f) Raw data for the decrease in fluorescence from NADH with time in coupled assays for AMP production with AcsD, citric acid, ATP, Mg 2+ and different nucleophilic substrates. L-serine (black ) is the preferred substrate compared to D-serine (orange ) or ethanolamine (olive ). Hydroxylamine (grey ) as second smallest nucleophiles (water would be the smallest) accelerates the reaction much faster as reactions where any nucleophiles was omitted (blue ) . Reactivity of all other tested substrates (L-alanine (purple ), β-alanine (dark yellow ) and glycine (dark cyan )) fell in the same range as those observed for reactions lacking any nucleophiles (blue ). This rest activity can be attributed to water acting as the nucleophile. Reactions lacking His 6 -AcsD (wt) but containing L-serine (red ) showed no detectable activity. (g) Stereo selectivity of AcsD, time course of NADH consumption with D-serine (4 repeats), L-serine (2 repeats) and control reactions (no AscD). The plots are not corrected for background rate. (h) The rate of NADH consumption (corrected for background) with a serine racemate and D-serine resulted in only ~90 % and ~22 % of the rate using L-serine. This indicates that AcsD is stereo-selective for L-serine. (i) NADH consumption in the modified AcsD activity assay using His 6 -AcsD to demonstrate AMP (and by implication PP i ) formation by AcsD. Omitting myokinase (orange circles) resulted in no detectable activity. Thus AcsD cannot itself form ADP (and generate P i ), as ADP is the substrate of pyruvate kinase (the next enzyme in coupled assay) and its creation by AcsD would have been detected. Myokinase converts AMP and ATP into ADP. ATP is present in the reaction mixture and AMP must therefore be produced by AcsD. Fractions were analyzed by electrophoresis (8 % SDS-PAGE), and those containing His 6 -AcsD were pooled, washed and concentrated to 1 mL using Amicon® Ultra filtration with a 30,000
MWCO membrane (Millipore) in buffer containing 20 mM Tris-HCl, pH 8.0, 100 mM NaCl and 10 % glycerol. His 6 -AcsD was then aliquoted and frozen at 193 K. The proteins were used for all subsequent experiments without further purification, unless otherwise noted. Da), and blue dextran (2,000,000 Da). This shows the His 6 -AcsD to be a dimer, we performed a similar analysis with the tag-cleaved protein (vide infra) and also see a dimer ( Fig. S8b) .
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Confirmation of His 6 -AcsD identity and analysis of native oligomerization state
To confirm the identity of purified His 6 -AcsD, electrospray ionization mass spectrometry (ESI-MS)
was performed on tryptic digests of the proteins (The Biological Mass Spectrometry and Proteomics
Facility in the Department of Biological Sciences, University of Warwick). 7 of the predicted tryptic fragments were identified by this analysis for recombinant AcsD from P. chrysanthemi. min, and resuspended in phosphate buffer saline (PBS). The mixture was centrifuged as before, and S29 cell pellets were stored at 193 K. Purification of the labeled protein was carried out as described for the native non-tagged protein.
Structural Biology
Native protein was concentrated to 5 -6 mg mL -1 in pH 7.5 10 mM Tris HCl 150 mM NaCl 10 % glycerol for crystallization. Full experimental details for the native protein have been reported elsewhere 2 . Protein for co-crystallization was concentrated to 5-9 mg mL -1 in pH 7.5 50 mM Tris
HCl 500 mM NaCl 10 % glycerol. A 2.63 Å data set was collected on ID14-4 of the European Synchrotron Radiation Facility (ESRF) at 100 K on a single cryoprotected selenomethionine crystal at λ = 0.979 Å using ADSC Q315r detector. Data were indexed and scaled with HKL2000 and selenium sites located using SHLEXC/D/E 3 . Selenium sites were refined in SOLVE 4 to 3.7 Å before solvent flattening and phase extension to 3.2 Å in RESOLVE 5 and to 2.7 Å with DM 6 . At this stage maps were interpretable and automated model building using BUCCANEER 7 traced 980 residues. The model was substantially re-built by hand using XFIT 8 at 2.7 Å. Phases for the apo structure were extended to 2.25 Å using this model and the native data set. The final model consists of 7 -587 in both monomers with small breaks in both chains at residues 97 -100 and 572 -577.
REFMAC5
9 was used to refine the structure (5 % of the data were omitted to validate refinement protocol) with appropriate NCS restraints applied. TLS 10 parameters were refined for each monomer (7 domains). structures were indexed and scaled with 13 and with MOSFLM 14 / SCALA 15 as implemented in CCP4 16 for the citrate complex. The final native structure (without water molecules) was employed as the molecular replacement model using AMoRe 17 ) for both complexes. Both complex structures were refined using the same protocol outlined above. ATP is bound in both monomers in the S30 complex structure but citrate is only found in monomer B of its complex. Full statistics are given in Table S1 .
In our earlier attempts to obtain a citrate complex, we observed that at high citrate concentrations, we can bind citrate in the triphosphate portion of the ATP binding site (100K, BM14 ESRF, λ = 0.873 Å, MAR225 in AcsD is an inverted orientation relative to the phosphates in the phosphoinositide 3-kinase 1E8X 27 ( Fig. 6f and S7 ).
AcsD activity assay
For detecting the activity of AcsD and its mutants a modified coupled enzyme assay was used 30 .
The assay is based on coupling the AcsD dependent formation of AMP to the lactate dehydrogenase oxidation of NADH. Decrease in NADH levels was monitored in real time by fluorescence using an excitation of 376 nm and an emission of 462 nm. The assay was carried out using a Cary Eclipse spectrometer (Varian) and Perkin-Elmer 1 mL cuvettes. In order to acquire the appropriate concentration regime for accurate NADH detection, reactions lacking AcsD were measured with NADH concentrations up to 2 mM (Fig. S5a) . Above 1 mM NADH fluorescence intensities decreased with increasing NADH concentrations, presumably due to by self quenching. The concentration range we employed from 50 to 300 µM NADH (in both reaction buffer and in water)
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shows a non-linear relationship (Fig. S5b) . If one assumes a linear relationship the fit of kinetic curves is acceptable but shows deviations from the normal shape. We therefore chose to convert the fluorescence intensity to NADH concentration by use of a calibration curve. The regression is exponential and the fitting function obtained by Origin was used to re-calculate and convert the raw fluorescent intensity data to NADH concentration with Excel (Fig. S5b) . Standard calibration graphs where obtained on a daily basis before each set of experiments to ensure reliable conversion.
When these derived values for NADH concentration, the fit to standard kinetic curves was 
